Lu et at. Diabetology & Metabolic Syndrome 201 3, 5:73 
http://www.dmsjournal.eom/content/5/1/73 



Pta DIABETOLOGY & 
|V|3 METABOLIC SYNDROME 



RESEARCH Open Access 



The association and predictive value analysis of 
metabolic syndrome combined with resting heart 
rate on cardiovascular autonomic neuropathy in 
the general Chinese population 

Yu Lu 2+ , Zi-Hui Tang 1+ , Fangfang Zeng 1 , Yiming Li 1 * and Linuo Zhou 1 * 



Abstract 

Background: The purpose of this study was to explore the extent of associations of cardiovascular autonomic 
neuropathy (CAN) with metabolic syndrome (MetS) and resting heart reate (HR), and to evaluate the predictive 
value of MetS combined with HR on CAN in a large sample derived from a Chinese population. 

Materials and methods: We conducted a large-scale, population-based, cross-sectional study to explore the 
relationships of CAN with MetS and resting HR. This study included 2092 participants aged 30-80 years, and a total 
of 387 subjects were diagnosed with CAN in our dataset. The associations of CAN with MetS and resting HR were 
assessed by a multivariate logistic regression (MLR) analysis (using subjects without CAN as a reference group) after 
controlling for potential confounding factors. The predictive performance of resting HR and MetS was evaluated 
using the area under the receiver-operating characteristic curve (AUC). 

Results: A tendency toward increased CAN prevalence with increasing resting HR was reported (p for trend 
< 0.001). MLR analysis showed that MetS and resting HR were very significantly and independently associated with 
CAN (P = 0.495 for MetS and (3 = 0.952 for HR, P < 0.001 for both). Resting HR alone and combined with MetS 
(MetS-HR) strongly predicted CAN (AUC = 0.71 9, P < 0.001 for resting HR and AUC = 0.735, P < 0.001 for MetS-HR). 

Conclusion: Our findings signify that MetS and resting HR were very significantly and independently associated 
with CAN in the general Chinese population. Resting HR and MetS-HR both have a high value in predicting CAN in 
the general population. 

Keywords: Metabolic syndrome, Resting heart rate, Cardiovascular autonomic neuropathy, Association, 
Predictive value 



Background 

The prevalence of cardiovascular autonomic neuropathy 
(CAN) is rapidly growing in all populations worldwide, par- 
ticularly in the developing world [1,2]. The disease is not 
only a major factor in the cardiovascular complications of 
diabetes mellitus (DM) [3], but also affects many other ma- 
jority segments of the general population, such as the eld- 
erly, patients with hypertension (HT), Metabolic syndrome 
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(MetS) and connective tissue disorders [1,4-6]. CAN has 
become a major health concern in China following recent, 
rapid changes in lifestyles. In diabetic patients, the preva- 
lence of CAN was 30-60% [3]. Individuals with previously 
undiagnosed CA dysfunction have an unfavorable cardio- 
vascular risk profile, especially in terms of sudden death, in- 
dicating a higher risk of cardiovascular disease [7,8]. MetS 
is also a global health concern and refers to a constellation 
of the risk factors of cardiovascular disease, including obes- 
ity, abdominal fat distribution, disorders of glucose and 
lipid metabolism and HT [9]. The burden of MetS is likely 
to continue to rise, largely due to a decrease in physical ac- 
tivity and an increase in obesity in our society [10]. 
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Previous studies indicate that increased resting HR is 
an early indicator of CAN, and a strong association be- 
tween HR and CAN was found in diabetic patients 
[11,12]. Moreover, in diabetic patients, resting HR is 
considered a critical clinical early biomarker for CAN. 
In diabetic patients, MetS was also reported to be associ- 
ated with CA function indices or impaired CA function 
[4,13,14]. These studies involved in the association of 
MetS and HR with CAN were conducted in subgroup 
level such as diabetic patients. In our previous study, in 
a Chinese population, MetS was found to be associated 
with components of CA function [15]. If we can clarify 
the relationship of CAN with MetS and resting HR in 
the general population, this information may help clini- 
cians in the prediction, prevention and treatment of 
CAN. 

However, at the population level, the extent of the as- 
sociations between CAN and MetS and/or HR remain 
largely unexplored. In addition, the role of MetS com- 
bined with resting HR in predicting CAN has not been 
well defined in the general population. In this study we 
hypothesize that MetS and HR associate with CAN in 
the population level, and the two factors have high pre- 
dictive value for the outcome. Therefore, the purpose of 
this study is to evaluate the extent of CAN's associations 
with MetS and resting HR, and to assess the predictive 
value of MetS combined with HR for CAN in a large 
sample derived from a Chinese population. 

Materials and methods 

Study population 

We performed a CAN factor survey on a random sample 
of the Chinese population. Participants were recruited 
from rural and urban communities in Shanghai. Survey 
participants with undiagnosed CAN, aged 30-80 years, 
were included in this study. A total of 3,012 subjects 
were invited to a screening visit between 2011 and 2012. 
Some subjects were excluded from the study to elimin- 
ate potential confounding factors that may have influ- 
enced their CA function. Briefly, the exclusion criteria 
were as follows: 1) history or findings of arrhythmia, 
hyperthyroidism or hypothyroidism; 2) pregnancy or lac- 
tation; 3) serious chronic disease, heart failure and can- 
cer; 4) medication of controlling resting HR such as (3 
receptor inhibitors and/or 5) serious hepatic or renal 
dysfunctions. Complete baseline data were obtained for 
2,092 (69.46%) of the participants. Written consent was 
obtained from all patients before the study. This study 
was approved by the Ethics Committee of the Huashan 
Hospital, Shanghai, China. 

Measurement 

The subjects were interviewed for the documentation of 
medical histories and medication, history of smoking 



habits, laboratory assessment of cardiovascular disease 
risk factors and standardized examination for heart rate 
variability (HRV). All study subjects underwent a 
complete clinical baseline characteristics evaluation after 
an eight-hour fast, which included: 1) history and phys- 
ical examination; 2) heart rate and blood pressure; 3) 
fasting serum glucose and insulin; 4) oral glucose toler- 
ance test (OGTT) and 5) fasting plasma lipids. Body 
mass index (BMI) was calculated with weight in kilo- 
grams divided by the square of height in meters. Physi- 
cians were trained in the measurement of blood 
pressure (BP) and in the questionnaire before the survey 
according to a standard protocol [16]. Fasting plasma 
glucose (FPG) was quantified by the glucose oxidase 
procedure; HbAlc was measured by ion-exchange high- 
performance liquid chromatography (HPLC; Bio-Rad, 
Hercules, CA, USA). The homeostasis model assessment 
insulin resistance estimate (HOMA-IR) was calculated 
as serum glucose (mmol/L) multiplied by plasma insulin 
(U/mL) and divided by 22.5. Serum total cholesterol 
(TC), high-density lipoprotein (HDL) cholesterol, trigly- 
ceride (TG) levels, serum creatinine (SCr), and uric acid 
(UA) were measured by an enzymatic method with a 
chemical analyzer (Hitachi 7600-020, Tokyo, Japan). 
Low-density lipoprotein (LDL) cholesterol levels were 
calculated using the Friedewald formula. The day-to-day 
and inter-assay coefficients of variation at the central la- 
boratory in our hospital for all analyses were between 
1% and 3%. 

Short-term HRV has good reproducibility and is more 
practical in its application. In our large-scale population- 
based study, this test was used to evaluate CA function. 
HRV were measured non-invasively by power spectral 
analysis. Before CA function assessment, participants 
must avoid alcohol, smoking and coffee for 24 hours so 
as not to influence their resting status. Subjects were 
studied while awake in the supine position after 20 mi- 
nutes of rest. Testing times were from 8:00 to 11:00 a.m. 
A type-I FDP-1 HRV non-invasive detecting system was 
used with software version 2.0 (Department of Biomed- 
ical Engineering of the Fudan University, Shanghai, 
China). Electrocardiography, respiratory signals, and 
beat-to-beat blood pressure were continually and simul- 
taneously recorded for 15 minutes through an electro- 
sphygmograph transducer (HMX-3C placed on the 
radial artery of the dominant arm) and an instrument 
respiration sensor. Short-term HRV analysis was per- 
formed for all subjects using a computer-aided examin- 
ation and evaluation system for spectral analysis to 
investigate changes in autonomic regulation. 

Definition 

HT was defined as BP > 140/90 mmHg, or a history of 
hypertension medication. BMI was classified based on 
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the Chinese criteria: normal as BMI < 24.0 kg/m 2 ; over- 
weight as 24.0 kg/m 2 < BMI < 28.0 kg/m 2 ; and obese as 
BMI > 28.0 kg/m 2 . High FPG was defined as FPG > 
5.6 mmol/L. Center obesity was defined using ethnicity- 
specific values for waist circumference (WC) of > 90 cm 
in men and > 80 cm in women [17]. TG was defined as 
TG > 1.7 mmol/L. HDL was defined as HDL < 0.9 mmol/L 
in men and HDL < 1.0 mmol/L in women. DM was defined 
by OGTT and either HbAlc > 6.5% or the use of insulin or 
hypoglycemic medications. MetS was diagnosed according 
to the updated National Cholesterol Education Program/ 
Adult Treatment Panel III criteria (WHO Western Pacific 
Region obesity criteria) in individuals meeting three or 
more of the following [17]: 1) central obesity; 2) TG levels, 
> 150 mg/dl (1.7 mmol/1) or specific treatment for this lipid 
abnormality; 3) HDL cholesterol, < 40 mg/dl (1.03 mmol/1) 
in men and < 50 mg/dl (1.29 mmol/1) in women or specific 
treatment for this lipid abnormality; 4) raised BP, systolic 
BP > 130 mm Hg or diastolic BP > 85 mm Hg or treatment 
for previously diagnosed HT; and 5) raised FPG level, > 
100 mg/dl (> 5.6 mmol/1) or previously diagnosed type 2 
DM. CAN was diagnosed based on at least two abnormal 
cardiovascular autonomic reflex test results from HRV 
tests [3]. 

Statistical analysis 

The Kolmogorov-Smirnov test was used to determine 
whether continuous variables followed a normal distri- 
bution. Variables that were not normally distributed 
were log-transformed to approximate normal distribu- 
tion for analysis. The results are expressed as the mean 
± SD or median, unless otherwise stated. The character- 
istics of the subjects according to CAN groups were 
assessed using one-way analysis of variance (ANOVA) 
for continuous variables and the x test for categorical 
variables. Considering categorized variables were easier 
to be accepted and understood in clinical practice, in 
our analysis the main independent variables for CAN 
were MetS (categorized into two groups: code 0 for non- 
MetS and code 1 for MetS), resting HR (categorized into 
four groups: code 0 for < 65; 1 for 65-75; 2 for 75-85; 
and 3 for > 85 bpm) and MetS-HR (categorized into 
eight groups: code 0 for HR < 65 bpm and non-MetS; 1 
for HR < 65 bpm and MetS; 2 for HR 65-75 bpm and 
non-MetS; 3 for HR 65-75 bpm and MetS; 4 for HR 
75-85 bpm and non-MetS; 5 for HR 75-85 bpm and 
MetS; 6 for HR > 85 bpm and non-MetS; 7 for HR > 
85 bpm and MetS). Univariate logistic regression was 
performed to determine the variables associated with 
CAN and to estimate confounding factors possibly dis- 
turbing the relationship between CAN and MetS or HR. 
Multivariate logistic linear regression (MLR) was carried 
out to determine the independent contributions of vari- 
ables to CAN (using subjects without CAN as a 



reference group). Potential confounding variables were 
controlled in the regression model. The predictive per- 
formance of the MetS-HR was evaluated using the area 
under the curve (AUC) in a receiver operating character- 
istics (ROC) curve. Odds ratios (ORs) with 95% confi- 
dence intervals (CIs) were calculated for the relative risk 
of MetS, HR or MetS-HR with CAN. The results were 
analyzed using the Statistical Package for Social Sciences 
for Windows, version 16.0 (SPSS, Chicago, IL, USA). 
The tests were two-sided, and a p value of < 0.05 was 
considered significant. 

Results 

The baseline clinical characteristics of the 2,902 subjects 
were grouped according to CAN (Table 1). The entire 
sample included 705 men and 1,387 women (mean age 
60.42 ± 8.68 years; Table 1). A total of 387 (18.51%) sub- 
jects had CAN. There was no significant difference be- 
tween subjects with CAN and those without CAN (male 
32.96% vs. 36.95%, p = 0.134). The mean FPG, TC and 
TG levels in the total sample were 5.53 mmol/L, 
5.32 mmol/L and 1.71 mmol/L, respectively. The HRV 
indices decreased with age (data not shown). The HR of 
subjects with CAN was very significantly higher than 
that of subjects without CAN (79.70 bpm vs. 70.77 bpm, 
p < 0.001). Most HRV indices were lower in subjects 
with CAN compared with those without CAN (p < 0.01 
for all). The prevalence of HT, DM and MetS in the 
entire sample were 46.65%, 21.33%, and 39.82%, 
respectively. 

CAN prevalence 

The CAN prevalence was 18.50% in the total sample 
and 14.54% and 24.49% in the non-MetS and MetS 
groups, respectively. The CAN prevalence significantly 
increased in patients with the MetS (p < 0.001, Figure 1). 
CAN prevalence was 5.92%, 12.93%, 23.94% and 53.67% 
in the respective groups according to HR (Figure 2). 
There was an increased CAN prevalence trend in groups 
with increased HR (p for trend < 0.001). In addition, 
CAN prevalence significantly differed among the groups 
according to the categorical variable of MetS-HR (MetS- 
HR: 0 = 5.32%; 1 = 7.23%; 2 = 9.8%; 3 = 17.81%; 4 = 
21.15%; 5 = 27.38%; 6 = 45.87%; 7 = 61.46%; Figure 3). As 
the MetS-HR score increased, the CAN prevalence also 
increased (p for trend < 0.01; Figure 3). 

Univariate analysis for CAN 

To estimate the potential risk factors of CAN, univariate 
analysis was performed in the entire sample. These po- 
tential risk factors contained the demographic parame- 
ters, blood glucose, and insulin function parameters as 
well as lipid profiles and medical history factors. The re- 
sults indicate that 15 potential risk factors — age, BMI, 
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Table 1 Clinical characteristics of subjects 



Variable 



Entire sample 



Subjects without CAN 



Subjects with CAN 



P value* 



Demographic information 



N 


2096 


1705 


387 




Age (years) 


60.42 ± 8.68 


59.85 ± 8.64 


62.94 ± 8.43 


<0.001 


Gender (male,%) 


705(33.7%) 


562(32.96%) 


143(36.95%) 


0.134 


BMI (kg/m 2 ) 


24.21 ±3.37 


24.07 ± 3.28 


24.84 ± 3.7 


<0.001 


WC (cm) 


85.07 ±9.77 


84.47 ± 9.62 


87.72 ±9.99 


<0.001 


SBP (mmHg) 


1 27.62 ± 18.77 


1 26.39 ± 18.22 


133.05 ±20.1 9 


<0.001 


DBP (mmHg) 


79.83 ± 9.74 


79.5 ± 9.65 


81.31 ±10.01 


0.001 


aboratory measurement 










FPG (mmol/L) 


5.53 ± 1.82 


5.4 ±1.58 


6.1 2 ±2.54 


<0.001 


PBG (mmol/L) 


7.67 ± 3.63 


7.36 ±3.3 


9.07 ± 4.6 


<0.001 


HbAlc (%) 


6 ± 1 .08 


5.89 ± 0.92 


6.47 ± 1 .54 


<0.001 


FINS uml 


7.19 + 11.86 


6.74 ± 8.03 


9.18 + 21.71 


<0.001 


IR (mmol/L) 


1.81 ±3.31 


1.64 ±2.1 3 


2.54 ± 6.22 


<0.001 


TC (mmol/L) 


5.32 ± 1 


5.31 ±0.98 


5.39 ± 1.05 


0.142 


TG (mmol/L) 


1.71 ±0.98 


1 .67 ± 0.93 


1.9 + 1.17 


<0.001 


HDL (mmol/L) 


1.36 ±0.32 


1.36 ±0.33 


1.34 ±0.32 


0.203 


LDL (mmol/L) 


3.1 9 ±0.77 


3.1 8 ±0.76 


3.23 ±0.81 


0.229 


SCr (umol/L) 


77.81 ±26.11 


77.65 ± 26.96 


78.51 ±21.98 


0.561 


UA (umol/L) 


281.21 ±84.01 


280.1 3 ±83.47 


285.99 + 86.26 


0.216 


RV indices 










HR (bpm) 


72.42 ± 10.13 


70.77 ± 9.08 


79.7 ± 1 1.26 


<0.001 


TP (ms 2 ) 


873.95 ± 702.47 


1 000.63 ± 693.2 


31 5.87 ±41 0.75 


<0.001 


LF (ms 2 ) 


190.98 ±207.88 


224.34 ±21 5.08 


43.97 ±57.29 


<0.001 


HF (ms 2 ) 


183.05 ±219.43 


215.11 ±229.61 


41. 82 ±59.63 


<0.001 


LF/HF 


1 .7 ± 1 .98 


1.55 ± 1 .48 


2.37 ±3.32 


<0.001 


ledical history 










Smoking (yes,%) 


306(14.63%) 


244(14.31%) 


62(16.02%) 


0.39 


MetS (yes,%) 


833(39.82%) 


629(36.89%) 


204(52.71%) 


<0.001 



DM (yes,%) 
HT (yes,%) 



446(21.33%) 
976(46.65%) 



307(1 8.02%) 
735(43.11%) 



139(35.92%) 
241(62.27%) 



<0.001 
<0.001 



Note: ^present the difference between subjects with and without cardiovascular autonomic neuropathy (CAN). BMI- Body mass index, WC-waist circumference, 
SBP- systolic blood pressure, DBP- diastolic blood pressure, FPG- fasting plasma glucose, PBG- plasma blood glucose, FINS- fasting blood insulin, IR-insulin resist- 
ance, TC- serum total cholesterol, TG- triglyceride, UA- uric acid, HDL- high-density lipoprotein cholesterol, LDL- low density lipoprotein cholesterol, SCr- serum cre- 
atinine, HR-heart rate, TP-total power of variance, LF-low frequency, HF-high frequency, MetS- metabolic syndrome, HT- Hypertension, DM- Diabetes. 



WC, SBP, DBP, FPG, PBG, HbAlc, FINS, IR, TG, HR, 
HT, DM and MetS — were significantly associated with 
CAN (p < 0.05 for all parameters; Table 2). The two vari- 
ables of HR and MetS were very significantly associated 
with CAN in a univariate analysis model. 

Multivariate analysis for CAN 

To estimate the association of MetS and HR or the cat- 
egorical variable of MetS-HR with CAN, univariate lo- 
gistic regression models were developed to include age, 
gender, BMI, WC, SBP, DBP, FPG, TG, HDL, other lipid 
profiles, SCr, UA and medical history (Table 2). MLR 



analysis was carried out to determine the extent to 
which CAN was associated with MetS and HR. MetS 
and HR remained very significantly associated with CAN 
after adjustments for age, gender, smoking, LDL, SCr 
and UA (p < 0.001 for MetS and HR, respectively). In 
subjects with HR ranged from 65 to 75 bpm, the OR of 
CAN was 2.592 (95% CI, 2.260-2.973; p < 0.001; Table 3) 
compared to subjects with HR < 65 bpm. And in subjects 
with MetS, the OR of CAN was 1.641 (95% CI, 1.282- 
2.099; p < 0.001; Table 3) compared to subjects without 
MetS. In addition, a very significant association between 
MetS-HR and CAN was found by using MLR 
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Figure 1 Cardiovascular autonomic neuropathy (CAN) 
prevalence according to metabolic syndrome (MetS). The CAN 

prevalence was 14.54% and 2449% in respective groups according 
to MetS. P value for trend was less then 0.001. 



adjustment for potential confounds including age, gen- 
der, smoking, LDL, SCr and UA (p < 0.001). In subjects 
with MetS-HR of 1, the OR of CAN was 1.612 (95% CI, 
1.510-1.722; p < 0.001; Table 3) compared to subjects 
with MetS-HR of 0. 

Predictive value analysis for CAN 

To evaluate the predictive performance of MetS, HR and 
MetS-HR for CAN, the AUC in an ROC curve was 
calculated. For the MetS variable, the AUC was 0.579 
(95% CI: 0.547-0.611, p< 0.001), indicating that MetS 
moderately predicted CAN (Figure 4). Whereas for both 
the HR and MetS-HR variables, the AUC was 0.719 
(95% CI: 0.690-0.748, p< 0.001) and 0.735 (95% CI: 
0.707-0.763, p < 0.001), respectively, suggesting that HR 
and MetS-HR strongly predicted CAN (Figure 4). A cut- 
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Figure 2 Cardiovascular autonomic neuropathy (CAN) 
prevalence according to resting heart rate (HR). The CAN 

prevalence was 5.92%, 12.93%, 23.94% and 53.67% in respective 
groups according to HR. P value for trend was less then 0.001. 
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Figure 3 Cardiovascular autonomic neuropathy (CAN) 
prevalence according to the variable of metabolic syndrome 
(MetS) combined with resting heart rate (MetS-HR). The CAN 

prevalence was 532%, 7.23%, 9.8%, 17.81%, 21.15%, 27.38%, 45.87% 
and 61.46% in respective groups according to MetS-HR. P value for 
trend was less then 0.001. 



off point for MetS-HR was set to 4 of 7, and the sensitiv- 
ity and specificity of CAN were 65.10% and 68.90% 
(Youden index = 0.340), respectively. The sensitivity and 
specificity of CAN were 79.80% and 53.50% (Youden 
index = 0.333), respectively, when the cut-off point was 
set to 3 of 7. 

Discussion 

A large-scale population-based cross-sectional study was 
conducted to evaluate the extent to which MetS and 
resting HR are associated with CAN among 2,092 partic- 
ipants in the Chinese population. Importantly, we first 
performed a predictive value analysis for CAN by using 
resting HR combined with MetS. This sample was a 
good representation of the Chinese population, and the 
findings may work similarly well outside the areas stud- 
ied in China. It is crucial for us to understand the pre- 
dictive value of MetS and resting HR on CAN in the 
general population. This is partly because the prevalence 
of MetS has increased rapidly in China, and may also 
contribute to CAN progression. Clinicians can expect to 
treat more MetS patients having CAN progression. 
Moreover, a better understanding the predictive value of 
the two factors will help clinicians in preventing and 
treating CAN. 

The main finding of the present study is that MetS 
and resting HR are strongly and independently associ- 
ated with CAN in the general population. In this study, 
CAN prevalence analysis indicated that its prevalence 
increased with increased resting HR (p for trend < 0.001, 
Figure 2). CAN prevalence was 53.67% in subjects with 
resting HR > 85 bpm, while its prevalence was 5.92% in 
subjects with resting HR < 65 bpm. A higher CAN 
prevalence was found in subjects with MetS as 
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Table 2 Univariate logistic regression analysis for 
cardiovascular autonomic neuropathy 



Variable 


P 


S.E. 


P value 


OR 


95% CI 


Age 


0.042 


0.007 


<0.001 


1.043 


1.029-1.103 


Gender 


0.176 


0.117 


0.134 


1.192 


0.947-1.547 


BMI 


0.066 


0.016 


<0.001 


1.068 


1 .034-1 .046 


WC 


0.034 


0.006 


<0.001 


1.034 


1 .023-1 .024 


SBP 


0.018 


0.003 


<0.001 


1.018 


1.012-1.030 


DBP 


0.019 


0.006 


0.001 


1.019 


1.007-1.261 


FPG 


0.178 


0.027 


<0.001 


1.195 


1.133-1.149 


PBG 


0.111 


0.014 


<0.001 


1.117 


1.087-1.722 


HbAlc 


0.392 


0.077 


<0.001 


1.48 


1.271-1.026 


FINS 


0.014 


0.006 


0.015 


1.014 


1.003-1.159 


IR 


0.091 


0.029 


0.001 


1.095 


1.036-1.212 


TC 


0.082 


0.056 


0.142 


1.086 


0.973-1 .369 


TG 


0.213 


0.051 


<0.001 


1.238 


1.119-1.129 


HDL 


-0.225 


0.177 


0.203 


0.798 


0.564-1.259 


LDL 


0.088 


0.073 


0.229 


1.092 


0.946-1 .005 


UA 


0.001 


0.001 


0.216 


1.001 


0.999-1.108 


Smoking 


0.133 


0.155 


0.39 


1.142 


0.843-2.733 


HT 


0.779 


0.116 


<0.001 


2.178 


1 .736-3.248 


DM 


0.936 


0.123 


<0.001 


2.550 


2.003-3.156 


HR 


0.952 


0.068 


<0.001 


2.590 


2.267-2.565 


MetS 


0.646 


0.114 


<0.001 


1.907 


1.527-1.307 


MetS-HR 


0.469 


0.033 


<0.001 


1.598 


1.499-1.500 



Note: Cardiovascular autonomic neuropathy (CAN). BMI- Body mass index, WC- 
waist circumference, SBP- systolic blood pressure, DBP- diastolic blood pres- 
sure, FPG- fasting plasma glucose, PBG- plasma blood glucose, FINS- fasting 
blood insulin, IR-insulin resistance, TC- serum total cholesterol, TG- triglyceride, 
UA- uric acid, HDL- high-density lipoprotein cholesterol, LDL- low density lipo- 
protein cholesterol, SCr- serum creatinine, HR-heart rate, TP-total power of vari- 
ance, LF-low frequency, HF-high frequency, MetS- metabolic syndrome, HT- 
Hypertension, DM- Diabetes. 

compared to subjects without MetS (p < 0.001, Figure 1). 
Univariate analysis showed that MetS and resting HR 
was very significantly associated with CAN (p < 0.001 for 
both, Table 2), respectively. Moreover, after adjustment 
for potential confounds, MLR analysis demonstrated 
that MetS and resting HR very significantly and inde- 
pendently remain associated with CAN (|3 = 0.495 for 
MetS and (3 = 0.952 for HR, p < 0.001 for both, Table 3). 
These results provided strong evidence to support the 

Table 3 Multivariate logistic regression analysis for 
cardiovascular autonomic neuropathy 

Model Variable (3 S.E. P value OR 95% CI 

Model 1 HR 0.952 0.07 <0.001 2.592 2.260-2.973 

MetS 0.495 0.126 <0.001 1.641 1.282-2.099 

Model 2 MetS-HR 0.477 0.033 <0.001 1.612 1.510-1.722 

Note: Model 1 and Model 2 adjusted for age, gender, smoking, SCr, UA, LDL; 
SCr- serum creatinine, UA- uric acid, LDL- low density lipoprotein cholesterol. 



hypothesis of a good association of CAN with MetS and 
resting HR. 

Our previous study [15] and other previous studies re- 
ported that MetS is significantly associated with CA 
function indices. Garruti et al. [4] conducted a hospital- 
based study in 180 diabetic patients to indicate that 
MetS was more strongly associated with CA dysfunction 
than isolated DM. Another hospital-based study re- 
ported that disturbed HRV indices were present in pa- 
tients with MetS before the development of DM [13]. 
The two studies were hospital-based studies and con- 
ducted in a small specific sample, which had selection 
bias and less power to detect associations. However, our 
study was based on a large-scale Chinese population to 
have power enough to detect associations, which keep 
this study from hospital selection bias. Chang et al. [14] 
conducted a large-scale study to explore the relationship 
of metabolic factors with CA function to show that CA 
function altered in pre-disease subjects with one or 
more metabolic abnormalities. This study was conducted 
in a specific group, mainly subjects with diabetes and 
pre-diabetes. Our study extended the specific sample to 
general population, which had more significant in clin- 
ical practice. As mentioned above, these studies showed 
evidence that MetS is strongly associated with CAN in 
different groups, indicating that our results were consist- 
ent with these studies. Studies have previously shown 
that resting HR is a critical factor and strong predictor 
of CAN in diabetic patients [11,12]. Generally, increased 
resting HR was considered one of early indicators of 
CAN. The clustering of cardiovascular risk factors in 
MetS indicates that the multiple complex metabolic re- 
actions involved in glycotoxicity, lipotoxicity, altered 
insulin signaling, increased cytokine activity and intersti- 
tial deposition of triacylglycerol may directly or indir- 
ectly affect CA function [18-23]. Additionally, these 
metabolic risk factors lead to reduced energy availability 
and have an added adverse effect on endothelial function 
[24]. 

Another interesting finding was that resting HR alone 
and combined with MetS had a high value in predicting 
CAN in the general population. As mentioned above, 
resting HR was very significantly and independently as- 
sociated with CAN. The AUC was calculated to show 
that this factor strongly predicts CAN (AUC = 0.719, 
95% CI: 0.690-0.748). For the analysis of the predictive 
value of MetS alone on CAN, although association ana- 
lysis showed that MetS was very significantly and inde- 
pendently associated with CAN, the AUC was calculated 
to indicate that MetS moderately predicts CAN (AUC = 
0.579, 95% CI: 0.547-0.611). However, we used a categor- 
ical variable of MetS-HR, which combined information 
between resting HR and MetS, to signify a high value in 
predicting CAN in the general population (AUC = 0.735, 
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Figure 4 Receiver operating characteristic curves showed the performance of resting heart rate (HR), metabolic syndrome (MetS) and 
categorical variable of MetS + HR in predicting cardiovascular autonomic neuropathy (CAN) prevalence in this dataset. The 95% 

confidence interval (CI) is given in parentheses. AUC represents area under the curve. HR: AUC = 0.71 9 (95% CI : 0.690-0.748), P < 0.001; MetS: 
AUC = 0.579 (95% CI: 0.547-0.61 1), P < 0.001; MetS-HR: AUC = 0.735 (95% CI: 0.707-0.763), P < 0.001 . 



95% CI: 0.707-0.763). The sensitivity and specificity of 
CAN were 65.10% and 68.90% when the optimal cut-off 
point of MetS-HR was set to 4 of 7. When the cut-off 
point of MetS-HR was 3, a higher sensitivity of CAN but 
a lower specificity was reported. In particular, the CAN 
prevalence was 61.46% in subjects with resting HR > 
85 bpm and MetS (MetS-HR = 7), while its prevalence 
decreased to 5.32% in subjects with resting HR < 65 bpm 
without MetS (MetS-HR = 1). These results provide evi- 
dence that resting HR and MetS-HR have a high value 
in predicting CAN in the general Chinese population. 
To our knowledge, this is the first study to have reported 
resting HR combined with MetS having such a high pre- 
dictive value for CAN in a Chinese population. These re- 
sults provided evidence to support the hypothesis that 
MetS combined resting HR has a high predictive value 
for CAN. This finding is of importance to the clinical 
practice of preventing and treating CAN in the general 
population. 

The categorical variable MetS-HR combines informa- 
tion on MetS and resting HR, but it cannot obtain a sen- 
sitivity of 100%. A false negative is mainly attributed to 
the fact that other risk factors contribute to the out- 
come. In this study, some of the patients with CAN were 
not obese, or had a normal resting HR due to both im- 
paired sympathetic and parasympathetic nervous sys- 
tems. Little is known about the CAN prevalence in 
subjects with a normal resting HR in the population. In 
addition, false-negative individuals had a lower resting 



HR, indicating that those people had long-term CAN. 
The exact mechanism underlying the association be- 
tween CAN and MetS or resting HR has not been fully 
elucidated. In the present study, we did not determine 
the mechanism by which TG modifies metabolic factors 
and induces DHF. 

Several limitations of this study deserve comment. 
First, the study design was cross-sectional, and thus the 
temporal sequence between risk factors and outcome 
was questionable. In addition, this prediction model was 
both derived and tested within the same cohort. So this 
model should be verified in external dataset. Finally, it is 
important to mention that our study was performed on 
Chinese individuals, and our findings may not be rele- 
vant to people of other ethnicities. 

In conclusion, a higher CAN prevalence was fre- 
quently found in subjects with increased resting HR 
and/or MetS. There was a tendency toward increased 
CAN prevalence with increased resting HR. Our findings 
signify that resting HR and MetS are independently as- 
sociated with CAN, and resting HR alone and combined 
with MetS both have a high predictive value in predict- 
ing CAN in the general population. These observations 
provide evidence that provide novel insights into bio- 
logical functions in the future. 

Abbreviations 

BMI: Body mass index; BSA: Body surface area; CI: Confidence intervals; 

CAN: Cardiovascular autonomic neuropathy; SCr: Serum Creatinine; 

DBP: Diastolic blood pressure; DM: Diabetes; FPG: Fasting plasma glucose; 



Lu et at. Diabetology & Metabolic Syndrome 201 3, 5:73 
http://www.dmsjournal.eom/content/5/1/73 



Page 8 of 8 



HbAlc: Glycosylated hemoglobin; HDL: High-density lipoprotein cholesterol; 
HOMA-IR: Homeostasis model assessment insulin resistance estimate; 
HRV: Heart rate variability; HT: Hypertension; IDF: International Diabetes 
Federation; LDL: Low-density lipoprotein cholesterol; MetS: Metabolic 
syndrome; MLR: Multivariable logistic linear regression; OGTT: Oral glucose 
tolerance test; OR: Odds ratios; PBG: Postprandial blood glucose; 
HT: Hypertension; SBP: Systolic blood pressure; TC: Serum total cholesterol; 
TG: Triglyceride; WC: Waist circumference; UA: Uric acid. 

Competing interests 

The authors declare that they have no conflicts of interests. 
Authors' contribution 

YL, ZL and FZ carried out the molecular genetic studies, participated in the 
sequence alignment and drafted the manuscript. YL, ZHT and LZ 
participated in the design of the study and performed the statistical analysis. 
YL and LZ conceived of the study, and participated in its design and 
coordination and helped to draft the manuscript. All authors read and 
approved the final manuscript. 

Acknowledgments 

We thank the grant from China National Grant on Science and Technology 
to support the study. 

Funding 

This work was supported by a grant from the China National Grant on 
Science and Technology (30570740). 

Author details 

'Department of Endocrinology and Metabolism, Fudan University Huashan 
Hospital, Shanghai 200040, China, department of Emergency, The 1st 
affiliated hospital of South China University, Hengyang, Hunan 421001, China. 

Received: 1 October 2013 Accepted: 15 November 2013 
Published: 17 November 2013 

References 

1 . Hazari MA, Khan RT, Reddy BR, et at Cardiovascular autonomic 
dysfunction in type 2 diabetes mellitus and essential hypertension in a 
South Indian population. Neurosciences (Riyadh) 2012, 17:173-175. 

2. Kuehl M, Stevens MJ: Cardiovascular autonomic neuropathies as 
complications of diabetes mellitus. Nat Rev Endocrinol 2012, 8:405-416. 

3. Spallone V, Ziegler D, Freeman R, et at. Cardiovascular autonomic 
neuropathy in diabetes: clinical impact, assessment, diagnosis, and 
management. Diabetes Metab Res Rev 201 1 [Epub ahead of print]. 

4. Garruti G, Giampetruzzi F, Vita MG, et at Links between metabolic 
syndrome and cardiovascular autonomic dysfunction. Exp Diabetes Res 
2012, 2012:615835. 

5. Laitinen T, Lindstrom J, Eriksson J, et at Cardiovascular autonomic 
dysfunction is associated with central obesity in persons with impaired 
glucose tolerance. Diabet Med 201 1, 28:699-704. 

6. lodice V, Low DA, Vichayanrat E, et at Cardiovascular autonomic 
dysfunction in MSA and Parkinson's disease: similarities and differences. 
J Neurol So' 2011, 310:133-138. 

7. Ziegler D, Zentai C, Perz S, et at Selective contribution of diabetes and 
other cardiovascular risk factors to cardiac autonomic dysfunction in the 
general population. Exp Clin Endocrinol Diabetes 2006, 1 14:153-159. 

8. Kamphuis MH, Geerlings Ml, Dekker JM, et at Autonomic dysfunction: a 
link between depression and cardiovascular mortality? The FINE Study. 
Eur J Cardiovasc Prev Rehabil 2007, 1 4:796-802. 

9. Lakka HM, Laaksonen DE, Lakka TA, et at The metabolic syndrome and 
total and cardiovascular disease mortality in middle-aged men. 
JAMA 2002, 288:2709-2716. 

10. Aurigemma GP, Gaasch WH: Clinical practice. Diastolic heart failure. 
N Engl J Med 2004, 35 1 : 1 097- 1 1 05. 

1 1. Maser RE, Lenhard MJ: Cardiovascular autonomic neuropathy due to 
diabetes mellitus: clinical manifestations, consequences, and treatment. 
J Clin Endocrinol Metab 2005, 90:5896-5903. 

12. Vinik Al, Ziegler D: Diabetic cardiovascular autonomic neuropathy. 
Circulation 2007, 115:387-397. 



14. 



16. 



19. 



20. 



22. 



23. 



2-. 



Rasic-Milutinovic ZR, Milicevic DR, Milovanovic BD, et at Do components of 

metabolic syndrome contribute to cardiac autonomic neuropathy in 

non-diabetic patients? Saudi Med J 201 0, 31:650-657. 

Chang CJ, Yang YC, Lu FH, et at Altered cardiac autonomic function may 

precede insulin resistance in metabolic syndrome. Am J Med 2010, 

123:432-438. 

Li Z, Tang ZH, Zeng F, et at Associations between the severity of 
metabolic syndrome and cardiovascular autonomic function in a 
Chinese population. J Endocrinol Invest 2013. [Epub ahead of print]. 
Pickering TG, Hall JE, Appel LJ, et at Recommendations for blood pressure 
measurement in humans: an AHA scientific statement from the Council 
on High Blood Pressure Research Professional and Public Education 
Subcommittee. J Clin Hypertens (Greenwich) 2005, 7:102-109. 
Grundy SM, Hansen B, Smith SC Jr, et at Clinical management of 
metabolic syndrome: report of the American Heart Association/National 
Heart, Lung, and Blood Institute/American Diabetes Association 
conference on scientific issues related to management. Circulation 2004, 
109:551-556. 

Boudina S, Abel ED: Diabetic cardiomyopathy revisited. Circulation 2007, 
115:3213-3223. 

Brownlee M: The pathobiology of diabetic complications: a unifying 
mechanism. Diabetes 2005, 54:1615-1625. 

Ouwens DM, Diamant M: Myocardial insulin action and the contribution 
of insulin resistance to the pathogenesis of diabetic cardiomyopathy. 

Arch Physiol Biochem 2007, 1 13:76-86. 

Houstis N, Rosen ED, Lander ES: Reactive oxygen species have a causal 
role in multiple forms of insulin resistance. Nature 2006, 440:944-948. 
Palmieri V, Russo C, Bella JN: Treatment of isolated left ventricular 
diastolic dysfunction in hypertension: reaching blood pressure target 
matters. Hypertension 2010, 55:224-225. 

Owan TE, Hodge DO, Herges RM, et at Trends in prevalence and outcome 
of heart failure with preserved ejection fraction. N Engl J Med 2006, 
355:251-259. 

Widlansky ME, Gokce N, Keaney JF Jr, et at The clinical implications of 
endothelial dysfunction. J Am Coll Cardiol 2003, 42:1 149-1 160. 



doi:1 0.1 1 86/1 758-5996-5-73 

Cite this article as: Lu et at: The association and predictive value 
analysis of metabolic syndrome combined with resting heart rate on 
cardiovascular autonomic neuropathy in the general Chinese 
population. Diabetology & Metabolic Syndrome 2013 5:73. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



o 



BioMed Central 



